Stable set meeting every longest paths by Havet, Frédéric
Stable set meeting every longest paths
Fre´de´ric Havet
To cite this version:
Fre´de´ric Havet. Stable set meeting every longest paths. RR-5009, INRIA. 2003. <inria-
00071575>
HAL Id: inria-00071575
https://hal.inria.fr/inria-00071575
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--5
00
9-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Stable set meeting every longest paths
Frédéric Havet
N° 5009
Novembre 2003
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
 
				
		ﬁﬀﬂﬃ 	!#"$%
&('*),+-).'0/214357698.:
;<>=
?A@ABDCFEG*HI@*JLKNM @OPHIQNHROS=
?A@*H
TVUIWLXR@OPYZJLHS[WLO\OS@
E]J_^>^`W.U\O]aN@bUS@*[c<d@*US[c<>@fehg(i_j.jLk4CFlPWnmL@
?odUS@$pLjLjLqCsr^>JLtL@*H
uvw*x
ynzd{LxL|~}
JLo`W.USaN@.T-JQ,J_eJLe>aPKdW.edt[W.enXR@*[OIKdUS@*aOI<`JnO@
m.@
USQaNtLUcJ_^d<<>JLHJŁH\OSJLod@HI@O
?A@*@OIedtA@
m.@
USQAW.edtL@0HRO^>J_OI<!-@b^dUIWnm.@]OS<>JnOOI<>H][
WLenXR@0[OSKdUI@D<dW.adHW.UaNt.USJL^d<>HOI<HROcJ_odORQ
J_O?W,HROpd
Z,9S
ynwL|
H\OSJLod@H\@
O*Ne>aN@
^h@
e`adJ_e,OPHI@O*`[c<dUIW.?JnOI [e,K>?oh@
U0NW.edtL@0HRO^>J_OI<
 	 *		

 ﬃ  	 " ﬃ

% 	] 

 w	
  |} JLo`W.USaN@.`T-JQ.JLeZJ_e>aZKdWLe>tWLe,O[
WLenXR@0[OIK>UIG,Kd@OIW.KNOt.USJL^d<d@bWLUS@
e,OIG^hW.HSHI=*aN@K>e
H\OSJLod@e,OI@
UcHI@*[OcJ_e,OOSWLK>H@*H^dK>HAW.edt.H[c<d@*?e>H*l]W.K>H^dUIW.KdmLW.e>H[
@OIOI@Z[W.enXR@*[OIKdUS@ ^hWLKdUA@*H
adt.USJL^d<d@*HaN@H\OSJLodOIGbJ_K^dK>H]pd
  x0w  {  w| H\OSJ_o>@.N@
e>HI@
?od@$e>aNG*^`@*e>adJ_e,O0dedWL?odUS@$[c<>UIW.?AJ_OI,Kd@L7^dK>HWLedt[c<d@*?Ae
 
						ﬀﬁ
ﬂ	ﬃ !#"$
q
% &
ﬃ' 

ﬃ
(*)+( ,.-!/1032+452768-:9<;=/?>A@B27C:2+D@BE
FHG ﬀ	IJ	 G Kﬀ3L"NM
H$J^>J_UPOQNO
MSRT3U
O
MSR+R
WL aN HXRW.e,OSH$HI@OcHPV2W_
W	ﬀ#XIﬃ	
J_e`a
ﬀI+Y
OIW.tL@OS<d@
U
OI<4ORW?J_^`HZJ[]\7^`_bacO
MSRBd
QeO
MSR
JLe>a.fhgW[i._?acO
MSR=d
QO
MSR
JLHSH\tLe>edtOIW@
m.@
USQJ_Uc[jgJ
J
ZJ[\7^JOg
R
J_e>aJ_e
":	 G
fhgW[ihO#g
R
 ;<d@bOcJ_ﬁJ_e`a OS<d@<d@0JLaW_VJLeJLUS[$JLUI@bOSH
	 G 

F
eJ_Uc[OI<
OcJ_ kJLe>aZ<d@0JLaml H$aN@
edWLOI@0aZo7Qnkhlo  @HIJQOS<>JnOAk
G ﬂPK	
lZJ_e>a UIOI@jk
d
lhb4@AJ_ HIW
HSJQAOI<`JnO=kJ_e`aplJLUI@bJ.aX\JL[
@
e,O*(;<d@
ﬂKﬀ G 	ﬀ
WL-JAaNtLUcJ_^>< H OcHe7Kd?oh@
UWLm.@
UIOI [@0H

;<d@rq
LXﬂ
J_e>a
LJ	ﬀﬃ	ﬃI#XﬂK
W_9OS<d@PaNtLUcJ_^d<`H
Ms
J_e>a
Mut
J_US@]aNtLUcJ_^d<`H
MesLvAMutBw
OQO
MesxR$v
QeO
MutRT
arO
MesWRv
arO
MutKR3R
J_e>a
Mes*ypMutBw
OQeO
MesRy
QeO
MutRT
arO
MesWR?y
arO
MutR
US@*HI^h@*[OSm.@
QL
F !#"
HPJe>WLe:z @
?A^NORQ adt.USJL^d<{ W_OI<d@$W.UI?
QO
MSR|w~}
lK
T
l
sWTT
l$
Uw}
lKl
sKT
l
s
l
t$TT
l$x
s
l$
T
<>@
US@OI<>@jlKJ_US@J_(aN HROSe>[O*b;<d@mL@
UIOI [@0HBlKJ_e`anl$JLUI@US@*HI^h@*[OSm.@
Q[*J_@0aZOS<d@
ﬂKﬀK
J_e`a
J	ﬀj
q

W_8{A
@bW_ OS@
eUI@
@
UOSWAJA^`JnOI<o7QOI<>@be>JnOSKdUSJL!H\@	,Kd@
e>[
@$W_- OcHmL@
UIOI [@0H
NUSOIedt{
w
l

l
s

l


 ={
w
l

l
s

l

 HJ^>J_OI<ŁOI<>@
eŁ
w
OQeO{
R3T
arO#{
R|v}
l

l

$
R
HJ
Iﬀ3I
q

p O HWL OI@*e
ad@
edWLOI@*a4o7Qml

l
s

l

l

A;<>@
ﬀ3	
G
	ﬃIﬃ	ﬃﬂﬀ
VUS@*HI^!

q
IIﬃ	ﬃﬂKﬀ+Y
W_J m.@
UIOI@M.eJ[
Uc[K> OjŁ H
OS<d@bmL@*U\OS@MeH\K>[c<OI<`JnO=narOŁ
R
 VUS@*HI^!hNSacOŁ
RJY

;<d@
	$#"
WLJ^>JnOS<W.UJA[
Uc[KdOHOSHe7Kd?oh@
UWLJ_Uc[
H*(;<d@D@*edt_OS<WLJW.edtL@0HRO^>JnOS< eJ
adt.USJL^d<
M
 H]aN@
e>W_OI@0a o7Qp^7O
MSR

F
^>J_OI<WLU]JA[
Q7[
@$e
M
 H
"KjﬂKLX
e
M
 -OP[WLe,OcJ_e>HJ_ OI<d@bm.@
UIOI [@0H WL
M

}
@OB{
w
lKl
s|
l$7*>WLU=u\e9> @$US OS@
{Al

_
w
l


l

l

{ _
w
l


l

l

{Alx_
w
l


lx
W.UVOS<d@JL^d^dUSWL^dUSJ_OI@]HIKdod^>J_OI<>H W_1{A-@PK>HI@PHI?AJLU e.OSKdOImL@Pe>W_OSJ_OIWLeAW.U HIKdod^>J_OI<>H W_![Uc[KdOSH
JLe>aZJ_ HIWAWLUOS<d@[
WLe>[*JnOI@*e>JnOSW.eWL(^>JnOS<>Ho`WLUP@MdJ_?A^d@bOI<>@KdedWLe{Al
v
l
v
B  HaN@
edWLOI@0a
{Al:AB 
F
aNtLUcJ_^d< H
#ﬀﬂ$¡ﬁIﬃﬂLb	ﬃIJ	
G
W.U
ﬀ3ﬂ
PW.UA@
mL@*UIQORW m.@
UIOI [@*HPk J_e>a¢lOI<d@*UI@ HJ
^`JnOI<ZOI< WLUSt.eSk4JLe>aOI@*UI?Ae7K>H=lh
F
?J_M7?J_ﬁH\OIUSWLe>tH\Kdo9aNtLUcJ_^d<ZWLVJaNtLUcJ_^d<
M
 HP[*J_@0a
J
Iﬃﬂ£:ﬂK	L
WL
M

F
[W.?A^`W.ed@
e,O`¤W_
M
 H
h#XK
 OI<d@*UI@D HedWJ_Uc[]OI<OSJL eSQO
MSR¥
QO#¤
R
JLe>a<d@*J.a eS¤`
}
@O
M
oh@JaNtLUcJ_^d<!
F
	r	
e
M
 H]JHI@OA¦ WLm.@
UIOI [@*H]^>J_UI HI@De>WLeZJLaX\J.[@*e.O0 ;<d@
J]¡ﬁ
WL
M
ﬁaN@*edW_OS@*a.§O
MSR
HDOS<d@A?AJ_MN?Kd? H\
¨
@W_JH\OSJLod@HI@Obe
M

F
IﬂKﬂ
q
ﬀ
W_
M
 HJA^>JLU\OS OSW.eWLOSHm.@
UIOI@Mz H\@
Oe,OIWH\OSJLod@bHI@OcH
V;<d@
I"]ﬀ3ﬂKuK#XIj
q
	ﬀ
W_
M
HOS<d@b?Ae>?Kd?
e7Kd?o`@*UW_(HROcJ_od@bH\@
OSHeZJ[
WLWLKdUSedt>
© ©«ª¬L­®®¯
  
ﬀ G ﬀXIj	
(*) ,.-!D	 07/14 6|C!2


JL J_z EWnQ;<d@*WLUS@
?
 
US@
 JnOS@*H]OI<d@[c<dUIW.?JnOI [be7Kd?o`@*UPOSWOI<>@WLUcaN@*UPW_ J W.edtL@0HRO^>JnOS<!£ O
H\OSJ_OI@0HVOS<>JnO
X":	cI"]ﬀ3ﬂKuK#XIc
q
e3	ﬀB cﬂWN£#"	rﬂKﬀ G 	ﬀﬂPﬂ]	 !#" F
e>J_OIKdUcJ_
@
M7OI@
e`H\WLeW_OI<d HOI<>@
WLUS@
?HOS<d@$WLWnedtA[W.enXR@*[OIKdUS@
 ﬀﬁ
 {_x !y ﬃﬂ ! zdv  yn "$# z  z  z  &% ﬀ('*),+.-"/ﬂ01ﬀ24365
	ﬀﬁ G $ﬀ3ﬃh"m"upJ]	j	
	ﬃ	p		ﬀﬁeﬂ]	1!#"
 eW.USad@
UOIW ^dUIWnm.@87 WLenXR@0[OSKdUI@B } J_ohWLUcaN@.>T-JQ.J_eZJLe>aPKdW.edt^dUSWL^hW.HI@*aOI<>@WLWnedt[
WLe:z
XR@0[OSKdUI@$<d [c<ZJLadaJ_e@
M,OSUSJ[W.e>aNOIWLeWLeOI<>@aN@*HIUS@*aH\OSJ_o>@bHI@O*
 ﬀﬁ
 {_x !y 92:! zdv  yn "$# z  z  z  &% ﬀ('*),+.-;3<5
	ﬀﬁ G $ﬀ3L"N":Wcj		
¦

q
I"
#"K
¦
	ﬃ	#c		ﬀﬁNﬂ]	 !#">= K G 		ﬀﬁe	ﬀ	?pﬂ
¦
 rﬂﬀ$ﬂrﬂK	 :KX".
} J_ohWLUcaN@LNT-JQ.JLe J_e>aPK>WLedt@ rA!^dUIWnm.@*aAOS<d H[WLe_XR@*[OSKdUS@PW.UHIQ7?A?@
OIUS[DaNtLUcJ_^d<ﬁ-;<>@
QJ_ HIW
W.UI?Kd JnOI@0aOS<d@$WLWnedtA[W.enXR@*[OIKdUS@$?A^dQ7e>t OB

ﬀﬁ

{_x !y
DC*!
zdv

yn
"$#
z

z

z

&%
ﬀ('*),+.-;3

ﬂﬀ.	W	ﬀﬁ
G
$ﬀ3ﬃh"ME=eX":	ﬀ	 	?] X.
	ﬀ	?


q
I" #"K

 p ﬂﬀ$ ﬂmﬂK	 !#">=c
G
	W	ﬀﬁmﬂK	 !#"6F#"ﬂﬀ$
G

OX
RAIﬃﬂhK!


H
K`[c<Jm.@
UIOI@MH[*J_@0a

q
J]	

  OI<d@aNtLUcJ_^d< <>JLH$J<`J_?AOIW.ed J_e ^`JnOI<4OI<>@
e<7 W.enXR@*[OIKdUS@Aq <dW.a>H
c e`aN@
@0a@
m.@
USQWLUSt.eWL
JWLedt.@*H\O^>JnOS<HSJnOSHI>@0HOI<d@[
WLe>aNOIWLe`HW_	7 WLenXR@0[OIK>UI@q>
H
e`[@b@
m.@
USQ aNtLUcJ_^d<OI<ZHROcJ_od ORQB
<`JLH J<>J_?A OSWLed J_e ^>JnOS< JL[*[WLUcaNedtbOSWE@0aN@
KJ H;<d@*WLUS@
?L iM 7O WLWn]H(OI<`JnON7 WLenXR@0[OIK>UI@Dqb<dWL adH
JLe>a OI<7K>H]HIWaNWO7 WLenXR@0[OIK>UI@0H]pJLe>ap
;<d@JL?W_OI<d H^>JL^`@*UHOSW^dUIWnm.@P7 W.enXR@*[OIKdUS@bqWLU]aNtLUcJ_^d<`H OI<ZH\OSJLodORQpN
Q8R
7
y



ﬂS5
	ﬀﬁ
G
$ﬀ3ﬃh"TFX"pﬃJ]¡ﬁVUe":Wre
q
J]	rW	ﬀJ	W?
 OI<d@adt.USJL^d< HH\OIUSWLedt`7OI<d@bUS@*HIKdO<>WL adHJL[*[WLUcaNedtOIWOI<d@$W.WnedtAUI@0H\KdOP
Q8R
7
y



2*

R
.
z



z

z zdw*x*z>w
)XCY-"/ﬂ014Cﬀ3D5
W	ﬀﬁ ﬃﬀ3ﬂK
G
$ﬀ3L"8F#"cJ]¡#ﬁ[Zr"
"Kj¡JﬂhXp:KX".
H
WO]US@
?J_e>H OIW^dUSWnmL@OI<>@DUS@*HIKdOWLUedW.e:z HROSUIW.edtaNtLUcJ_^><>H

\ ]
%	 "ﬃﬃB^
 eOS<d HHI@*[OIWLe!h @^dUIWnm.@;<d@
W.UI@*? B.];<d@
US@W.UI@.>@ed@
@0aOI<>@WLWnedt^>UI@*?Ae>JLUIQUI@0H\K> OcH

;<>@_I`USH\O]WLed@$ HOI<d@b@
a`7edWne;<d@
W.UI@*? W_b7J_?AWLe!
Q8R
7
y



Cc
z 
<d
ﬀe),2-W"fﬂ.0ﬀgh0ﬀ3D5
	ﬀﬁe#ﬀﬂ
G
$ﬀ3L"TFX"SJ]¡#ﬁ@i":Wje"P¡JﬂhX
Iﬀ3I
q
;
jlk|©ajnm
 
						ﬀﬁ
ﬂ	ﬃ !#"$
i
;<d@ H\@0[WLe`aW.ed@V H!J]H\OIUSK>[OSKdUcJ_OI<>@
WLUS@
?aNKd@(OSW 7 <d@*eJ_e>abYZJLe>J_ JLH\OSJ.H  q ?^>Q7edt]aNUI@0[OIQ
;<>@
WLUS@
?pSV
H
@
@bJLHIWEB ﬁWLU]JAH\<>WLUIO^>UIW7W_
Y

Q8R
7 y  


 
R
. z    z  z zdw*x*z>w )XCY-"/ﬂ014Cﬀ3
	 M 	r#ﬀ3ﬂK G $ﬀ3ﬃh"EF#"NJ]¡ﬁ
Z4lM«":W ﬂA"P¡JﬂhXIﬀ3I
q
 #"	cM IﬃﬂhK!=IﬀI
q
#
Ł
sT
Ł
t
q
I"rX":
Ł
sv
Ł
trI
q
G 	
K1#"	cW	ﬀ#XIﬃ	jﬂ M K G
Ł
sy
Ł
tN c	#"	ﬀj	£hﬁNﬂﬀr:KX"
:ﬂ#¡ﬁﬂA	$X"	
>
;<d@ WLWnedt^>UIW.^`W,H\OIWLe W.Wn]H?A?@0aN JnOIQUIW.? OS<d@ŁaN@ I>e> OSW.e>H WL[W.?^hWLe>@
e,OJ_e`a
edOI J_ﬁ[
WL?A^hWLed@*e.O0(;<d@b^dUSW,WL H@
 OOIWAOS<d@bUI@0JLaN@*U*
# y V w d xAd ﬀ ﬂ
	 M 	P G $ﬀ3L">= ﬂb	jﬂAXrIﬃﬂ£:ﬂK	L  G
{
!#"pMD
 
 y
{
 rA!#"
 
e H LX8 G
mnQO
 y
{
R£#"	
{A
 A
¤
 N:Kﬀ#XI
q
Kﬀ =XrﬂKﬀK. A
¤

!  
 
Łz ﬂ
	bM 3	  G KﬀﬃL"NK G
¤
ﬂ=X`LXbIﬂKB!ﬂb	hX l
¤
"WB"P¡JﬂhXmIﬀI
q

#"	.	W	ﬀﬁﬂK	 !#"p	ﬃ	ﬃ	
¤
IﬃﬂhK!c #"	rW	ﬀXI	cﬂ
¤
 !ﬀXI
q
Kﬀ =		ﬀﬁW	ﬀ	?

QuOX¤
RF8"]XI" rﬂﬀ$ﬂce
ﬂ	ﬃ1:KX"mﬂ M   
q
J]	A
#
y
!S
}
@OPŁ oh@ J<>J_?A OSWLed J_e[
Uc[KdOWL ¤h
}
@Oj{ oh@ J^>JnOS<?A@
@OSe>tn¤OI<`JnOaNW7@0HbedW_O
[
WLe,OSJLeJL.OI<>@ m.@
UIOI [@*HﬁW_L¤h
}
@O8oh@VOS<d@J.HROmL@
UIOI@
MDW.er{ <d [c< Hﬁer¤h;<>@
ePQeO#{A
R
QeOX¤
R

}
@O ﬀoh@$OI<d@HIK>[*[@*HSHIWLUW_8ZemŁV;<d@*eﬁﬀŁ h{  HJ^`JnOI<WLedt.@
UOI<`J_en{A ﬂ
! 

 
Łz
2ﬃ
	8M 3	P
G
KﬀﬃL"TF#"S
q
L 
q
	h#XK|Iﬃﬂ£:ﬂK	L
¤

 
k
 rﬂﬀ$ ﬂrA!#"Sﬂ	$X"
^JO
M"!
¤
R$#%
¤
%1#"	
k
 
q
J]	 
#
y
!S
}
@O { oh@JWLe>tL@*H\O]^>J_OI<!
}
@
OB oh@OS<d@PI>UcH\OPmL@*U\OS@M W.em{ OS<>JnOHPedW_OPen¤JLe>a OSH
^>UI@0aN@*[
@*HSH\W.U*'& QTVUIW.^`W,H\OIWLeB.{
y
¤ H@
?A^NORQ JLe>ae{A H eN¤HIW<`JLH@*edt_OS<J_O?AW.H\O
%
¤
%(!*)
HIWn:{ <>JLHb@
e>t_OI<J_O@*JLH\OP^7O
M+!
¤
R
-,P@
e>[
@e:{<>J.H@
edtLOI<^7O
M+!
¤
R
HIW{A [W.e,OSJ_e>Hb@*mL@*UIQ
m.@
UIOI@
MW_8¤`de^>J_UIOI [Kd J_U k ﬂ
#
y
!D.
Q R
7
y



ﬂh4@^dUSWnmL@DOI<d HUI@0H\KdOPo7Qe>adK>[OSW.eWLeOS<d@e7Kd?o`@*UPW_(m.@
UIOI [@*H]W_
M

OS<d@bUS@*HIKd Ooh@
edtWLo7m7WLK>HIQAOSUIK>@D
M
<`JLHORWm.@
UIOI [@0H

 
M
HDH\OIUSWLedt`>OS<d@
e4o,QZ;<d@*WLUS@
? pN
M
<`JLHDJ<>JL?OIWLe>JLe^>JnOS< OI<4WLUSt.e/.b;<d@
e0/H
HIKdOSJLod@.
,P@
e>[
@Ld@$edWn J.HIHIKd?A@DOI<>J_O
M
 HedWLOPHROSUIW.edt>
}
@
O=¤o`@JLeedOI J_ﬁ[
WL?A^hWLed@*e.OWL
M

H
K>^d^`W,H\@ I>UcHROOI<`JnOu¤ H<>J_?A OSWLed J_e! OI<d@*UI@HAJm.@
UIOI@
MlŁWLB¤OI<>J_O HJLe W.UItLeW_PJ
WLe>tL@*H\O ^`JnOI< OI<d@*e
}
@
?A?J BtLmL@*H OI<>@US@*HIKdO*8 ﬁOS<d@
US@ H edWW.UItLeWLJWLedt.@*H\O ^>J_OI<ep¤OS<d@
e
o7QŁT(USWL^hW.HI OSW.e BL-edWWLedt.@*H\O^>J_OI<e,OI@
UcHI@*[Oj¤`
H
WZOI<d@WLedt.@*H\O^>JnOS<>HWL
M
J_US@OI<>@ WLedt.@*H\O
^`JnOI<`H WL
M1!
¤h&Qe>aNK>[OIWLe<,Q7^hW_OS<d@*HIH*.OI<d@*UI@DHJH\KdOSJLod@m.@
UIOI@MlAe
M1!
¤hN<d[c< HJ_ HIW
JAHIKdOSJ_o>@$mL@*U\OS@M e
M

,P@
e>[
@@ ?JQJLHSH\K>?@ OI<>J_O
M
<>JLHJK>ed ,Kd@ed OSJL[
WL?A^hWLed@*e.Ou¤ OS<dWLKNOA<>JL?OIWLe>JLe
[
Uc[K> O0
&Q;<>@
WLUS@
? q>!§O#¤
R*w&Z
& Q;<d@
W.UI@*?
 
N@bJ_US@DeWLed@bWLﬁOI<>@$OR WWLWnedtAHIKdoh[*JLHI@*H
© ©«ª¬L­®®¯

ﬀ G ﬀXIj	
J
Y
¤[W.e.OcJ_e>H[US[
KdOSH=Ł
sWT
Ł
t
HIK>[c< OI<>J_O=Ł
sv
Ł
t
e>[
K>ad@*HJ_9OI<>@Dm.@
UIOI [@0H WL1¤J_e`aŁ
sy
Ł
t
H$J^>JnOS<!@?JQJLHIWJ.HIHIKd?A@OS<>JnOrŁ
s
J_e>a Ł
t
J_US@AH\K>[c<OI<>J_ODOS<d@@*edt_OS<4WL Ł
sy
Ł
t
H$?J_M7?K>? } @OAŁo`@OS<d@AWLUSt.eWL Ł
s`y
Ł
t
JLe>amZOSHDOS@
US?Ae7K>H*rdW.UA\
w )$T Z
9@Oh
o`@OI<>@^dUS@*aN@0[@0HIHIWLU]WL*4e.Ł  J_e>am  OS<d@HIK>[*[@*HSHIWLU]WL*  e Ł   &@*[*J_K>HI@bOI<>@@
edtLOI<WL
Ł s
y
Ł t  H?JnMN?Kd?
}
 s
T
 t  H]JH\OSJLod@H\@
O*

OI<d@*UI H\@.>o7QHIQ7?A?@
OIUSQLh s
d
 t J_e`a
Ł
s
w
bŁ s  s  t  J_e`aSŁ t Q7@
 aJ[
WLe,OIUcJLaN [OSW.e!
} @
O/oh@OI<>@]WLUSt.eAWL9J$WLedt.@*H\OV^>JnOS<e e
M!
¤h-;<d@
eO  HVaNWL?Ae>JnOS@*ao7QW.ed@]mL@*U\OS@MWL
}

sT

t
,LHSJQ
s
(;<7K>H|
t
Ł
t
!Ł
s

s
/W  H(JD^>JnOS<WL`@
edtLOI<^JO
M !
¤
R #-%
¤
%

H
W$o7Q } @*??J$pN
 t  HH\KdOSJLod@L
o
Y
¤[W.e.OcJ_e>H[US[
KdOSH=Ł
sWT
Ł
t
HIK>[c< OI<>J_O=Ł
sv
Ł
t
e>[
K>ad@*HJ_9OI<>@Dm.@
UIOI [@0H WL1¤J_e`aŁ
sy
Ł
t
H]@
?A^NORQL
H
Kd^d^hW.HI@OI<>J_OOS<d@
US@JLUI@WLKdU$aN HROSe>[ObmL@
UIOI [@0HB[ s
T s QOŁ s
R
J_e>a.[ t
T t QOŁ t
R
H\K`[c<
OI<>J_Oc[ s
d t JLe>a[ t
d s YW.UI@*WnmL@*U*`OSJ>`L@WLKdUbHIK>[c<4m.@
UIOI [@0HHIK>[c<4OI<>J_Oc^7O#[ s Ł s
 s R #
^JO[ t Ł t
 t R
 H-?Ae>?Kd?|>WLU8\
w1)$TZ
n@
O  o`@OI<>@^>UI@0aN@*[
@*HSH\W.UﬁW_

 eŁ  | 	
s w
[ s OS<d@
e
 @JLUI@eAHIKdoh[*JLHI@J
Y
 OS<
s
Ł
s
[
s
t
Ł
t
[
ts
JLe>auŁ
t

H
W@?JQJLHSH\Kd?A@ OI<>J_O
sw
[
s
J_e`a

tw
[
t
Vo7QHIQ,?A?A@OSUIQ
Y

H
e>[@e^JO[
s
Ł
ssWR #
^JO#[
t
Ł
ttR
 HD?ed?Kd?
}

sT

t
 H$JH\OSJLod@
H\@
O*
}
@
O /Po`@POI<d@]W.UItLeAW_!JbWLedt.@*H\O ^>J_OI<N e
M!
¤`-;<d@
e /] H aNW.?Ae>J_OI@0aAo,QWLe>@]mL@*U\OS@MWL
}

sT

t
HIJQ
s
;<7K>H
hH\@
O\OSedtei
t
OS<d@HIK>[
[
@*HSH\W.UW_[
t
eŁ
t
Li
t
Ł
t
[
ts
Ł
s

s
/W HJA^>JnOS<
W_-@*edt_OS<S^7O
M !
¤
R# %
¤
%

H
WAo7Q
}
@*?A?AJpdLi
t
 HJAH\K> OcJ_od@L
H
Kd^d^hW.HI@edWnOI<>J_O(OI<d@*UI@]JLUI@edW$W.KdU aN H\OIe>[O m.@
UIOI [@0H[
sTs
nQOŁ
sWR
JLe>au[
t]Tt
mQeOŁ
tKR
H\K`[c<OS<>JnON[
s dt
J_e>a[
tds
 ;<d@*e HIe>[@n¤ HH\OIUSWLedt`VOS<d@
US@J_US@OI<dUS@
@Zm.@
UIOI [@*H
[
sWTs
nQeOŁ
sxR
J_e>au[
t
SQeOŁ
t$R
H\K>[c<OS<>JnO[
s=d
[
t
JLe>a
s d
[
t
(YWLUS@
Wnm.@
U-JLHSH\K>?@OS<>JnO
[
s
J_e>a
s
JLUI@bHIK>[c<OI<>J_O£^JO[
s
Ł
s
sWR
H]?ed?Kd?
}
@O
s
o`@$OS<d@^dUS@*ad@*[@0HIHIWLUWL
s
emŁ
s

 *[
sBw

s
OI<d@*e @JLUI@$eOI<d@HIKdo9[
JLHI@J
Y
OI<
s
Ł
s
[
s
[
ts
J_e`aSŁ
t

H
W@b?JQJLHSHIKd?A@
OI<>J_O [
sw

s
];<d@*e
}

sWT
[
t
 HPH\OSJLod@o7Q?Aed?JLORQWL^JO#[
s
Ł
ssR

F
e>aZWLUJLe7Q mL@*U\OS@M
t
mŁ
t
,OI<d@DH\@
O
}

sWTt
DHHROcJ_od@]WLOI<d@*UI H\@P @tL@O WLKdUmL@*U\OS[
@*H(t.m7edtJ[WLe,OSUSJ.aN[OIWLe!
}
@
O /boh@$OI<d@bW.UItLe WLJAWLedt.@*H\O^>J_OI<m e
M !
¤`
  /D HaNW.?e>J_OI@*ao7Q
s
dOI<d@*e!dH\@
O\OSedti
t
OI<d@bHIK>[
[
@*HSH\W.U WL|[
t
enŁ
t
!i
t
Ł
t
[
t

s
Ł
s

s
/W H
J^>JnOS<WL@
e>t_OI<n^JO
M"!
¤
R# %
¤
%

H
Wo,Q
}
@
?A?JpN!i
t
 HJHIKdOSJLod@.
 /$ HedW_OaNW.?e>J_OI@*ao7Q
s
OI<d@*e /D HaNWL?Ae>JnOS@*ao7Q@
mL@*UIQAm.@
UIOI@MeSŁ
t
e^>JLU\OS[
Kd J_U`g
t
OI<d@^dUS@*aN@0[@*HSHIWLUW_*[
t
e.Ł
t

H
@
O\OSedti
s
OI<d@H\K>[*[@0HIHIWLUWL[
s
eŁ
s
i
s
Ł
s
[
s

t
Ł
t
g
t
/W H
J^>JnOS<WL@
e>t_OI<n^JO
M"!
¤
R# %
¤
%

H
Wo,Q
}
@
?A?JpN!i
s
 HH\KdOSJLod@L
ﬂ

	 ^n		]

	
B d
F
 &WLe>aNQ.
F
HI<dWLUIO^dUSW7W_bW_$OI<>@<7 <d@*e:z YJ_e>JLJ.HROcJLHOI<>@
WLUS@
?ﬀ
 Iﬀ3	J	ﬂﬁ#"
ﬂ
	ﬃ
VRB0kLk.i
Y
7edW`!Bz qddp .k!dp_k.pd
jlk|©ajnm
 
						ﬀﬁ
ﬂ	ﬃ !#"$
r
 p Ta7JL?AW.e! 7 <>@
?Ae`HP@
OD[Uc[KdOSHP<>J_?A OSWLed@
e>HDaN@0HPt.USJL^d<d@*HP[WL?A^d@OcH
 
 £I G  bI 

ﬀ 
2

0V\B*k.iLk
Y
NpdB0idB !NpdB0i.pN
 qM877.7 <d@
e JLe>aAT7YZJLe>J_ JLH\OSJ.H_U0(m.@
USQBI>e> OS@H\OIUSWLedt.Q[
WLede>@*[OS@*aaNtLUcJ_^><WL!HROcJ_odORQ
Z
<>JLHJ ,PJL?AOIW.edJLe^>JnOS<! 
 Iﬀ3		 ﬁ#"
.
V\B*k Lq
Y
7edW>>q>>p
 
q!Np.i_j>

 
;$

JL J_ 

eadUS@*[OI@*aA^`JnOI<`H JLe>a[US[
KdOSH*$ e	
"	ﬃﬂKﬀﬁuﬂ
`ﬀ3L"$ 

ﬀ3ﬂxI 
 
ﬂKﬂ  X=

Jhﬁ =
i 
 = :]	 i>i i i

F
[*JLaN@*? [$T(US@*HSH
dlP@
VWLU`h B0k> d
 i  } dEG0aN@
 (eT`LW.?ode>J_OIWLUS HI[c<d@*U
H
J_O3¨.
BIJ

;  x		 G
+VRB0kLq
 
Y
NqLk !
 
qd
 M &D!EWnQL!lPWL?o>UI@A[c<dUSWL?JnOS ,Kd@@Ob^dK>H$W.edt.H$[c<d@*?Ae>Hba J KdetLUcJ_^><d@L
B	 

ﬀ3xK 	 ﬁﬀ
ﬂﬀ ﬂB	ﬃI"	ﬀ3I"	ﬃ Yﬀ3Xﬂb		
ﬂmVRB0k>,r
Y
NedW`>iN Bp_k!9B*q,pN
 rAd zRYŁ } J_ohWLUcaN@./7VT-JQ.J_eJ_e>al,(PKdW.edt> e>aN@
^h@
e`aN@
e,O HI@OSHJLe>aWLe>tL@*H\OaNUS@*[OI@0a
^>JnOS<>H eaNt.USJL^d<>H*$ e

 ﬀﬃL"]AK G ﬂKX":	ﬀIﬃﬂebJﬂﬀX?JﬂﬃXI 

ﬀ3
q
	 =bi>U(

 Br_q!9BrLrN
;ﬁ@*Kdoded@*U* } @
^!¨
t> B0k .q
 MYŁ
}
JLH (@
UStLe>J.H

H
KdU@0H J_USohWLUS@*HS[@
e`[@*Ha>J_e>HK>e tLUcJ_^d<>@ZWLUS@*e.OSGL 
 Iﬀ	J	 ﬁKX".
ﬂ.g
VRB0k,rM
Y
7edW`!BL>p,r!7q.kd
 kM
H
;<dWL?JLHSHIGL>7 WnmL@*UIedt]JPH\OIUSWLe>tPaNtLUcJ_^d<bo7Q§
! )
aN H2XRWLe.O^>JnOS<>H ﬁJ]^dUSW7W_dWL
}
JLH! (@
UStLe>J.H J
[W.enXR@*[OIKdUS@L#"

 
ﬂeﬀ

"	ﬃﬂﬀﬁe b	ﬀ ﬂ$
14CV p_j.jdB
Y
NedW>>pddqLq>B !7q.qLq>
© ©«ª¬L­®®¯
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
